such testing to large outpatient clinics. Furthermore, the amount of time required to complete an isokinetic test makes it unfeasible as an injury risk screening component of a preparticipation physical examination that involves a large number of athletes.
A cost-effective and efficient option for hip muscle strength assessment is the use of portable fixed dynamometry (PFD), which is essentially a hybrid of a handheld dynamometer and a strain gauge that attaches to a fixed structure. 25 This device eliminates the hand-held dynamometer tester-patient interaction at the point of force application, thereby eliminating the need for the tester to exert an equivalent counter-force to the force generated by the patient. [26] [27] Research evidence has established PFD as a reliable method for assessment of hip strength. 20, [25] [26] The existing literature pertaining to comparison of isokinetic dynamometry with PFD has been focused on assessment of the knee extensors and flexors, which has demonstrated good correlation between measurement derived from the 2 methods (r > 0.70). [28] [29] [30] The purpose of this study was to investigate the relationship between hip isometric strength measured by PFD and isokinetic concentric strength measurement at 60°·s -1 . The 60°·s -1 isokinetic test velocity was chosen based on the basis of previous research that has demonstrated greatest peak torque values at low velocity. [4] [5] 29, 32 We hypothesized that there would be a correlation (r > 0.50) between isometric and isokinetic hip strength measurements, both in terms of absolute and normalized peak torque values.
Procedures and Findings
Eighteen physically active males (N = 9) and females (N = 9) participated in the study (22 ± 3 years, 173.0 ± 10.5 cm, 73.8 ± 16.7 kg). All participants were recreational athletes who regularly engaged in a moderate level of physical activity. Exclusionary criteria included < 18 years of age, any lower extremity injury within the previous 6 months, and history of lower extremity surgery within the previous 2 years. The participants were asked to refrain from any rigorous lower extremity exercise during the 24-hour period that preceded testing. The dominant limb was tested, which was determined by asking the subject which leg they would use to kick a ball as hard as possible. 25 Approval from the university institutional review board was obtained, and all participants read and signed an approved institutional review board informed consent document prior to participation.
Subjects reported to a laboratory for two testing sessions: (1) an isokinetic testing session and (2) an isometric testing session. Following participant warmup exercise on a stationary cycle, isokinetic testing was performed (Primus RS, BTE Technologies, Hanover, MD). The participants performed three orientation trials at 30°·s -1 , which were followed with performance of three maximum effort trials at 60°·s -1 for each muscle group tested. 5 A 1-min rest period was provided between each hip motion tested. The muscle groups were tested in a counter-balanced order, which To evaluate isokinetic HE and HF, the greater trochanter was aligned with the dynamometer axis of rotation ( Figure 1 ). The lower margin of the dynamometer extremity attachment pad was positioned at 5 cm above the superior pole of the patella (anterior placement for HF; posterior placement for HE). For AB and AD testing, the dynamometer axis of rotation was aligned with the bisection of a vertical line extending from the anterior superior iliac spine with a horizontal line at the level of the greater trochanter. The lower margin of the dynamometer extremity attachment pad was positioned at 5 cm above the superior pole of the patella (lateral placement for AB; medial placement for AD).
For the ER and IR, the participants were in a seated position, with both the hip and knee joints at 90° of flexion. The center of the patella was aligned with the dynamometer axis of rotation. The lower margin of the dynamometer extremity attachment pad was positioned above the lateral malleolus for IR testing and above the medial malleolus for ER testing (Figure 2) .
The participants performed warm-up exercise on a stationary cycle prior to isometric testing, which consisted of three trials (Evaluator Portable Evaluation System, BTE Technologies, Hanover, MD). Each trial was 5 s in duration with 15 s of rest between each trial. 66 The muscle groups were tested in a counter-balanced order, and 1 min of rest was provided between each hip motion tested. The testing was performed in a standing position (Figure 3 25 Isometric force was recorded in lbs, which was mathematically converted to N. Peak torque values were derived from multiplication of the measured moment arm (m) by the maximum recorded force (N) for a given motion. All peak torque measures were normalized using an allometric scaling process: PT (Nm)/body mass (kg) 0.792 for males and PT (Nm)/body mass (kg) 0.482 for females. 33 The data were interpreted to be normally distributed, 34 and Pearson product moment correlations were calculated to evaluate the strength of associations between peak torque values derived from isokinetic and isometric test modes, both in terms of absolute and allometric-scaled values. The alpha level for statistical significance was set a priori at 0.05, and the coefficient of determination (r 2 ) was used to evaluate the meaningfulness of the proportion of shared variance between pairs of isokinetic and isometric peak torque values. 35 An r 2 value ≥ 0.50 was interpreted as a meaningful relationship. 36 Table 1 presents means  and standard deviations for the isometric and isokinetic  strength values, and Table 2 presents r and r 2 values for each muscle group tested. Each of the correlation coefficients was associated with a p-value < 0.05.
Discussion
The most important finding of this study is that isometric and isokinetic hip strength measurements shared a significant portion of variance, both in terms of absolute and allometric-scaled values. Our findings for isometric and isokinetic measurements of hip strength appear to be similar to those reported for other muscle groups and differing isokinetic test velocities. [28] [29] [30] A previous study that compared isometric values to isokinetic values acquired at 36, 108, and 180°·s -1 documented r-values ranging from 0.71-0.83 for knee extension and 0.49-0.80 for knee flexion, with the correlation strongest at the lower velocities. 28 A previous study that compared hand-held dynamometry and isokinetic dynamometry at 60°·s -1 reported very strong correlations for knee flexion and extension (r = 0.77 to 0.82). 29 The correlation coefficients we found for hip motions are comparable to those reported by others for knee motions, 28, 29 but PFD offers advantages that cannot be obtained with hand-held or isokinetic dynamometry. Hand-held dynamometry can require the clinician to produce a high level of manual force to effectively counter the force exerted by the patient, which can also make stabilization of the extremity difficult. 26, 27, 37 The high cost and lack of portability of an isokinetic dynamometer present limitations in many settings that make PFD an attractive alternative. Although an isokinetic dynamometer permits testing at a wide variety of test velocities, our finding of a high degree of association between isometric peak torque (0°·s -1 ) and low-velocity isokinetic peak torque (60°·s -1 ) was consistent with the findings of other studies. [28] [29] [30] The participants in this study were derived from a sample of convenience, which may limit the generalizability of our findings. Although each of the participants was a recreational athlete, varied levels of physical activity may have contributed to variability in the strength values we measured. Differences in the mechanical designs of the two strength testing devices preclude the use of identical lever arm lengths for the hip motions of AB, AD, HE, and HF. The PFD device utilized an ankle strap that was positioned above the lateral malleolus, whereas the dynamometer extremity attachment pad was positioned 5 cm above the superior pole of the patella. The more distal point of lower extremity force application for the PFD procedure may have allowed a greater number of muscles to contribute to HE and HF.
The findings of our study suggest that clinicians may be able to substitute isometric testing for isokinetic testing at 60°·s -1 for reliable assessment of hip strength. The magnitude of association quantified by a correlation coefficient can be highly influenced by the variability of subjects' measurements, which can be converted to a less variable set of values through the use of allometric scaling. Thus, our finding of higher isometric-isokinetic correlations for normalized strength values than absolute strength values supports the use of allometric scaling, which also provides an optimal means for comparing the performances of individuals with differing amounts of body mass.
Conclusion
Our results suggest that isometric PFD testing of hip strength can provide an alternative to isokinetic testing at 60°·s -1 . 
